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GENETIC MARKERS FOR ANTIPSYCHOTIC
INDUCED WEIGHT GAIN AND METHODS
FOR USE THEREOF

RELATED APPLICATIONS

This application 1s a national stage application, filed under
35 US.C. § 371, of International Application No. PCT/

CA2014/051000, filed on Oct. 17, 2014, which claims
priority to U.S. Provisional Patent Application No. 61/892,
094 filed on Oct. 17, 2013, the contents of which are hereby

tully incorporated by reference.

FIELD OF INVENTION

The present invention relates to the use of genetic mark-
ers. More specifically, the present imvention relates to
genetic markers in GABRAZ2 that are associated with antip-
sychotic induced weight gain and use thereof.

BACKGROUND OF THE INVENTION

Treatment of psychosis symptoms, for example schizo-
phrema (SCZ) symptoms with antipsychotics has been lim-
ited by poor etlicacy and adverse reactions. This 1s espe-
cially true for second-generation antipsychotics, such as
clozapine and olanzapine, where about 30% of treated
patients experience significant weight gain. Antipsychotics
are used to treat psychotic symptoms that are commonly
observed 1n schizophrenia, bipolar disorder, and psychotic
depression. They have been used increasingly to manage
other psychiatric disorders, including bipolar manic and
mixed episodes’, major depressive disorder™ >, autistic spec-
trum disorder™ >, general anxiety disorder, obsessive-com-
pulsive disorder, dementia®®.

While the underlying mechanisms of antipsychotic
response and adverse eflects remain unclear, genetic factors
appear to play a prominent role”*.

There 1s 1increasing evidence for a role of gamma-amin-
obutyric acid (GABA) in the regulation of food intake.
GABA 1s produced in many regions of the brain, including
the (proopiomelanocortin) POMC and Agouti-related pep-
tide (AGRP) neurons in the hypothalamus'>> *°. Diphtheria
toxin-mediated ablation of GABA-secreting AGRP neurons
induced an anorexic phenotype in mice (reviewed in'’).
Similarly, mice genetically deficient in GABA release from
AGRP neurons were resistant to obesity induced by ghre-
lin'®. The mechanism of this resistance could be through a
decrease 1n food intake and an increase 1n energy expendi-
ture in these AGRP GABA-deficient mice'®. Conversely,
administration of GABA agonists, including the benzodiaz-
epine midazolam and L[-838417, into the parabrachial
nucleus in the brainstem, increased food intake'”. Both
GABA , and GABA , receptor agonists enhanced feeding 1n
rodents and other animal models®”**. The GABRA?2 gene,
in particular, was one of the top findings 1n a recent
genome-wide meta-analysis of obesity®®, making it an
appealing candidate gene for further investigation 1n obesity
and related phenotypes.

There 1s also accumulating evidence for alterations in
GABA neurotransmission by various antipsychotic
drugs®**°. Clozapine and olanzapine, in particular, may
exert theiwr anxiolytic activity by increasing GABA-ergic
neurotransmission®’ through the allosteric action of neuro-
active steroids including allopregnanolone at the GABA
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receptor~". Olanzapine-induced weight gain and adiposity
has been correlated to increased levels of the GABA syn-

thesis enzyme GAD65.

The GABRA2 gene (HGNC:4076), which 1s mapped to
chromosomal region 4pl2, codes for the GABA , receptor,
alpha 2 subunit. While the GABRA?2 gene was implicated 1n
obesity*>, it has not been investigated in relation to antip-
sychotic induced weight gain.

There 1s a need in the art for novel genetic markers.
Further, there 1s a need 1n the art for novel genetic markers
associated with antipsychotic-induced weight gain. Further,
there 1s a need in the art for genetic diagnostic markers for
antipsychotic-induced weight gain that provide physicians
and other health care professionals with the opportunity to
generate educated decisions for prescribing medications for
treatment of psychosis. Moreover, there 1s a need 1n the art
for personalized medicine approaches that lower the risk of
developing antipsychotic induced weight gain and related
allments such diabetes and cardiovascular disease.

SUMMARY OF THE INVENTION

The present mvention relates to genetic markers. More
specifically, the present invention relates to genetic markers
in GABRAZ2 that are associated with antipsychotic induced
weight gain and use thereof.

As a convention, all references to nucleotide sequences
herein are recited with respect to the positive strand. As will
be understood by a person of skill 1n the art, GABRA?2 gene
1s transcribed off the negative strand. Thus it 1s fully con-
templated that the subject matter herein may be practiced as
outlined as recited or 1t may be practiced by employing/
determining/analyzing the complement of the nucleotide
sequences recited herein.

The following nucleotide sequences were examined in
this study. The polymorphic sites are shown underlined in

bold:

a) rsleg859227
(SEQ ID NO:
CCTTGGTTTTATACAAGCATGCAAAG|C/T|ATATAATAGAATCACA

TGGAAACAL,

b) rs279858
(SEQ ID NO:
ATTGTCATATTATGAGCTACTGATTT|T/C|TTCCCATTGTGAARARA

AGGTATCTG;

¢) rsldd2060
(SEQ ID NO:
GTAAAGTGTCACATCAATGCCATATC [A/ G|TATTCTGTAGATGGCA

TGTTATCAT,

d) rsl3849591
(SEQ ID NO:
CTCATTTCCTTGCTTCTAAGGTAGGG|G/T|TCATCAATTTATCTAT

CTCATGGGA,

e} rsldd2062
(SEQ ID NO:
GAGAAGGTGAAATAGATTTAACTCATIA/G|TATCAAATTAAGATTG

CACCTTAAL,

f} releg859354
(SEQ ID NO:
TACAATATCTTGACTCAATGAGCTTC|G/T|AATCTTAATAAGGTAA

CAAGAGARL,

g) rsll503014
(SEQ ID NO:
AAGCTATGGAGATTACTTCCTGGACT|C/G|TGTGTAGGACTTGATG

ATTGAGAGA,
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-continued
h) rs6856130
(SEQ ID NO:
TCTGTTCTETTTTATCTGAGGCGATA[A/ GAATCCAAACGTCCAAC
TTGAACAAC,

or

8)

1) rsll72472
(SEQ ID NO:
ATAAAACTCTGGTAATTCAAACCAAA[A/T|ATTTCCTCACTGARARL

CTATGCTTG.

9)

According to the present imvention there 1s provided a
method of predicting a subject’s weight change in response
to antipsychotic drug treatment comprising,

a) obtaining a biological sample comprising genomic

DNA from the subject;

b) determining the presence or absence of one or more
polymorphisms in the GABRA2 gene of the subject,
wherein the presence of said one or more polymor-
phisms 1s predictive of the subject’s weight change in
response to antipsychotic drug treatment.

In a further embodiment, there 1s provided a method as
described above, further comprising at least one step
selected from the group consisting of a) treating the subject
with one or more therapeutics based on the results obtained
from said determining the presence or absence of one or
more polymorphisms in the GABRA2 gene b) advising
and/or counseling the subject with respect to the results of
determining the presence or absence ol one or more poly-
morphisms in the GABRA2 gene; ¢) transmitting, advising,
and/or conveying the results to a physician, medical service
provider or other third party; d) treating the subject with one
or more particular antipsychotic treatment(s) based on the
results; ¢) treating the subject prior to, concurrently with or
alter antipsychotic treatment with one or more therapies or
therapeutics to control weight gain; 1) monitoring the sub-
ject’s weight over a period of time; g) prescribing, recom-
mending or subjecting the patient or subject to exercise or
diet changes; h) monitoring the subject for metabolic syn-
drome, 1) monitoring the subject for cardiovascular disease
or symptoms thereof, or any combination of a-1).

Also provided by the present mvention 1s a method as
described above, wherein the subject has been diagnosed
with schizophrenia or schizoaflective disorder, 1s likely to

develop schizophrenia or schizoatlective disorder, or exhib-
its one or more symptoms of schizophrenia or schizoailec-
tive disorder. In a further embodiment, which 1s not meant
to be limiting 1n any manner, 1t 1s also contemplated that the
subject has not yet been diagnosed with schizophrenia or
schizoaflective disorder before the method as described
herein 1s performed.

According to a further embodiment, there 1s provided a
method as described above wherein the one or more poly-
morphisms 1n the GABRA2 gene are relative to:

a) rsleg8hs9227

(SEQ ID NO:
CCTTGGTTTTATACAAGCATGCAAAG|C/T|ATATAATAGAATCACA
TGGAAACAL,

or

1)

b) rs279858
(SEQ ID NO:
ATTGTCATATTATGAGCTACTGATTT|T/C|TTCCCATTGTGAARARL

AGGTATCTG;

2)

wherein the polymorphic site 1s 1n brackets, underlined and
in bold.
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In a further embodiment, there 1s provided a method as
described above, wherein at least one of the polymorphisms
1s defined by SEQ ID NO:1 or a variant or fragment thereof
comprising the polymorphic site. As indicated previously,
the method also may be practiced by determining the
presence or absence of the complement of the nucleotide
sequence defined by SEQ ID NO:1 including the comple-
ment of the polymorphic site.

In a further embodiment, there 1s provided a method as
described above, wherein at least one of the polymorphisms
1s defined by SEQ ID NO:2 or a variant or fragment thereof
comprising the polymorphic site. As indicated previously,
the method also may be practiced by determining the
presence or absence of the complement of the nucleotide
sequence defined by SEQ ID NO:2 including the comple-
ment of the polymorphic site.

Also provided 1s a method as defined above, wherein the
presence of the C allele (C/C genotype) of the rs16859227
polymorphism (SEQ ID NO:1) 1s associated with a higher
percentage weight gain 1 subjects. Also provided i1s a
method as defined above, wherein the presence of two
copies of the T allele (T/T genotype) of the rs279858
polymorphism (SEQ ID NO: 2) 1s associated with a higher
percentage weight gain in subjects.

Also provided 1s a method as described above, wherein
the sample 1s a blood sample.

Further provided 1s a kit comprising one or more of the
following:

a) one or more primers to amplify a nucleotide sequence
that comprises the polymorphism as defined 1n SEQ 1D
NOs:1-9, or a combination thereof;

b) one or more probes that hybridize to any one of SEQ
ID NOs:1-9, over a region of nucleotides comprising
the polymorphic site, wherein said probe hybridizes to
a particular variant of the polymorphisms shown at the
polymorphic site. Without wishing to be limiting 1n any
manner, the probes may be labeled with an appropnate
group, for example, a fluorescent tag, fluorophore,
radioactive label or the like. Further, the one or more
probes may be attached covalently or physically asso-
ciated with a support for example, but not limited to a
biochip, array, slide, multiwell plate, bead or the like.
In an embodiment, which 1s not meant to be limiting 1n
any manner, the probes may comprise an array of
nucleic acids.

¢) one or more reagents and/or products including, but not
limited to, one or more builers for performing PCR or
probe hybridization, or any step i1n such as process as
would be known to a person of skill in the art, one or
more DNA amplilying enzymes, or any combination
thereof

d) one or more reagents, components and products for
genotyping the polymorphisms as described herein,
including, but not limited to those used 1n exonuclease
assays, nucleotide sequencing, or any combination
thereof;

€¢) one or more reagents, components or products for
performing a DN A sequencing reaction that determines
the sequence of a nucleotide sequence comprising any
one of SEQ ID NOs: 1-9 or a combination thereof, and;

1) one or more sets of instructions for using the compo-
nents as described herein, practicing the methods of the
present mvention as described herein, interpreting the
data obtained from practicing the methods of the pres-
ent mvention or any combination thereof.

This summary of the mnvention does not necessarily

describe all features of the invention.
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DETAILED DESCRIPTION

The following description 1s of an illustrative embodi-
ment.

The present invention provides genetic markers that can
be used to predict a subject’s susceptibility to weight change
in response to antipsychotic drug therapy. As described 1n
more detail below, specific polymorphisms in the GABRA?2
gene may be used to predict a subject’s weight change 1n
response to antipsychotic drug therapy. In a second embodi-
ment, specific polymorphisms in the GABRA2 gene may be
used to assist 1n determining a treatment regimen for a
subject diagnosed with schizophrenia or for a subject likely
of developing schizophrenia. In a third embodiment, specific
polymorphisms 1n the GABRA2 gene may be used in
treating a schizophrenic subject. In a fourth embodiment,
there 1s provided a method of treating a subject with antip-
sychotic medication, wherein the method comprises 1denti-
tying one or more specific polymorphisms in the GABRA?2
gene as part of the treatment regimen. Other embodiments
are also provided as described herein.

The study described 1n the examples and as referred to
herein and throughout nvestigated the eflect of single
nucleotide polymorphisms (SNPs) across the GABRAZ2
gene on weight response to antipsychotic medication 1n
multiple distinct schizophrenic populations. The subjects
included 160 patients of European ancestry with DSM-IIIR/
IV diagnoses of schizophrenia or schizoaflective disorder.
Results indicate that the T/T genotype of the rs279858
marker was associated with a higher percent weight change
than the C-allele carrying genotypes (for example, either the
T/C or C/C genotypes). The rs1685922°7 marker was also
significantly associated with higher percent weight change
in a subsample of schizophrenia or schizoaflective disorder
subjects who were on clozapine or olanzapine medication.
Results indicate that the C/C genotype of the rs16859227
marker was associated with a higher percent weight change
than the T-allele carrying genotypes (for example, either the
T/T or T/C genotypes). Other interesting results are also
provided herein, particularly Tables 1 and 2.

According to an embodiment of the present mvention,
there 1s provided a method of predicting a subject’s weight
change 1n response to antipsychotic drug treatment compris-
Ing,

a) obtamning a biological sample comprising genomic

DNA from the subject;

b) determining the presence or absence ol one or more
polymorphisms in the GABRA2 gene of the subject,
wherein the presence of said one or more polymor-
phisms 1s predictive of the subject’s susceptibility to
weilght change 1n response to antipsychotic drug treat-
ment.

In a further embodiment, which 1s not meant to be limiting
in any manner, the method may comprise one or more
additional steps, for example, but not limited to advising
and/or counseling the subject with respect to the results of
determining the presence or absence ol one or more poly-
morphisms 1n the GABRA2 gene; transmitting, advising
and/or conveying the results to a physician, medical service
provider or other third party; treating the subject with one or
more particular antipsychotic treatment(s) based on the
results; treating the subject prior to, concurrently with or
alter antipsychotic treatment with one or more therapies to
control weight gain; monitoring the subject’s weight over a
period of time, monitoring the subject for metabolic syn-
drome or the development of metabolic syndrome which
may include measuring blood lipid profiles, including tri-
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glycerol and triglycerides, blood glucose levels, body mass
index (BMI) and central obesity. As cardiovascular disease
may result from metabolic syndrome, clinicians may also
monitor for the development of heart disease. The following
symptoms ol heart disecase may be monitored including
clevated blood pressure, angina, heart failure, shortness of
breath, rapid or irregular pulse, coughing and nausea, or any
combination of the above. Based on the test, if for example
a SCZ subject exhibits the T/T genotype for the rs279858
marker, more frequent weight monitoring as well as the
administration ol an appetite suppressant or hypoglycemic
drug, for example, but not limited to a sulfonylurea, thiazo-
lidinedione, alpha glucosidase inhibitor, or metiormin, a diet
plan, an exercise regime, or their combinations 1n addition to
antipsychotic medication may be recommended. Also, from
the results provided, subjects exhibiting the T/T genotype
for the rs279858 marker preferably are not treated with
second generation antipsychotics (especially those with
higher propensity for weight gain: for example, clozapine,
olanzapine) but should rather be treated with antipsychotics
with lower propensity for weight gain®® (including flu-
phenazine, aripiprazole, ziprasidone, haloperidol, loxapine,
lurasidone, iloperidone, asenapine and molindone).

Thus, based on the genotype of the patient, a physician
may wish to avoid the prescription of antipsychotics that
cause high or the highest level of weight gain, these include:
olanzapine and clozapine. Moderate risk medications such
as paliperidone, perphenazine, thioridazine, chlorpromaz-
ine, risperidone and quetiapine may be prescribed with more
frequent monitoring of metabolic syndrome and heart dis-
case 1ndices. Lastly, a physician may wish to choose a lower
risk drug for induced weight gain, these drugs include:
loxapine, i1loperidone, asenapine, lurasidone, ziprasidone,
aripiprazole, fluphenazine, and haloperidol.

As described above, but without wishing to be considered
limiting, specific polymorphisms in the GABRA2 gene may
be used to assist 1n determining a treatment regimen for a
subject diagnosed with schizophrenia (or schizoaflective
disorder) or likely of developing schizophrenia (or schizo-
aflective disorder). For example, but not wishing to be
considered limiting 1n any manner, the present invention
provides a method of determining a treatment regimen for a
subject diagnosed with schizophrenia or likely of developing
schizophrenia comprising,

a) obtaining a biological sample comprising genomic

DNA from the subject;

b) determining the presence or absence of one or more
polymorphisms 1 the GABRA2 gene of the subject,
wherein the presence of said one or more polymor-
phisms 1s predictive of the subject’s weight change 1n
response to antipsychotic drug treatment, wherein

the presence of one or more GABRAZ2 polymorphisms as
described herein and/or the absence of one or more
GABRA2 polymorphisms as described herein define a
treatment regimen for the subject.

In such an embodiment, the method may further comprise
a step of treating the subject as described above, below or
anywhere herein.

Further, as described above, specific polymorphisms 1n
the GABRAZ2 gene may be used 1n treating a schizophrenic
subject or how to treat a subject that may be predisposed to
schizophrenia. In such an embodiment, the present invention
provides a method of treating a schizophrenic subject or a
subject that may be predisposed to schizophrenia compris-
Ing,

a) obtaining a biological sample comprising genomic

DNA from the subject;
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b) determining the presence or absence of one or more
polymorphisms in the GABRA2 gene of the subject,
wherein the presence of said one or more polymor-
phisms 1s predictive of the subject’s weight change 1n
response to antipsychotic drug treatment, wherein

the presence of one or more GABRA?2 polymorphisms as
described herein and/or the absence of one or more
GABRAZ2 polymorphisms as described herein define a
treatment regimen for the subject.

In such an embodiment, the method may further comprise

a step of treating the subject as described above or anywhere
herein.

By the term “one or more polymorphisms in the

GABRAZ2 gene” 1t 1s meant one or more polymorphisms 1n
the nucleotide sequences as defined by:

a) rsle859227
(SEQ ID NO:
CCTTGGTTTTATACAAGCATGCAAAG|C/T|ATATAATAGAATCACA

TGGAAACAD

b) r=s279858
(SEQ ID NO:
ATTGTCATATTATGAGCTACTGATTT|T/C|TTCCCATTGTGAARAARL

AGGTATCTG

c¢) rsldd2060
(SEQ ID NO:
GTAAAGTGTCACATCAATGCCATATC[A/G|TATTCTGTAGATGGCA

TGTTATCAT,

d) rsl3849591
(SEQ ID NO:
CTCATTTCCTTGCTTCTAAGGTAGGG|G/T|TCATCAATTTATCTAT

CTCATGGGEA,

e) ¥rsldd2062
(SEQ ID NO:
GAGAAGGTGARAATAGATTTAACTCAT[A/G|TATCAAATTAAGATTG

CACCTTAAA,

f) rsle859354
(SEQ ID NO:
TACAATATCTTGACTCAATGAGCTTC|G/T|AATCTTAATAAGGTAA

CAAGAGARDL

g) rsl1ll503014
(SEQ ID NO:
AAGCTATGGAGATTACTTCCTGGACT|C/G|TGTGTAGGACTTGATG

ATTGAGAGA,

h) re6856130

(SEQ ID NO:
TCTGTTCTGTTTTATCTGAGGCGATA[A/G|AATCCARACGTGCAAC
TTGAACAAC,

or

1) rsli72472
(SEQ ID NO:
ATAAAACTCTGGTAATTCAAACCAAAIA/TIATTTCCTCACTGARARL

CTATGCTTG

wherein the polymorphic site in each sequence 1s shown in
bold, underlined brackets in relation to the nucleotide
sequences upstream and downstream thereof. In a particu-
larly preferred embodiment, one or more polymorphisms 1n
the GABRA2 gene comprises rsl16859227, rs279858 or
both. As indicated previously, the mmvention also may be
practiced by determining the presence or absence of the
complement of the nucleotide sequence defined by the SEQ
ID NOs noted above, including the complement of the
polymorphic site.

The present invention also contemplates one or more
polymorphisms 1n one or more nucleotide sequences in the
GABRA2 gene which comprises between about 90% and
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100% sequence i1dentity, for example, but not limited to
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5%, 99.9% or 100% sequence i1dentity with SEQ ID
NOs:1-9, preferably SEQ ID NOs: 1, 2 or both SEQ ID
NO:1 and SEQ ID NO: 2, and wherein the sequence also

comprises the respective polymorphism as shown above 1n
bold underlined brackets. For example, but not to be con-
sidered limiting 1n any manner, the first nucleotide shown 1n
SEQ ID NO:1 1s a “C”. The present invention 1s meant to
include a sequence that 1s substantially 1dentical to SEQ ID
NO:1 but that comprises, for example, but not limited to, an
“A”, “G” or “T” at position number 1, as the variant

nucleotide sequence exhibits more than 90% sequence 1den-
tity with SEQ ID NO:1 and comprises the polymorphism
shown 1n bold underlined brackets. The 1invention also may
be practiced by determining the presence or absence of the
complement of the nucleotide sequence defined by the SEQ
ID NOs noted above, including the complement of the
polymorphic site.

To determine whether a nucleic acid exhibits similarity or
a percentage 1dentity with the sequences presented herein,
oligonucleotide alignment algorithms may be used, for
example, but not limited to a BLAST (GenBank URL:
www.ancbinlm.nih gov/cgi-bin/BLAST/, using default
parameters: Program: blastn; Database: nr; Expect 10; filter:
default; Alignment: pairwise; Query genetic Codes: Stan-
dard(1)), BLAST2 (EMBL URL: http://www.embl-heidel-
berg.de/Services/index.html using default parameters:
Matrix BLOSUMG62; Filter: default, echofilter: on, Expect:
10, cutofl: default; Strand: both; Descriptions: 50, Align-
ments: 50), or FASTA, search, using default parameters.
Polypeptide alignment algorithms are also available, for
example, without limitation, BLAST 2 Sequences (www.
cbi.nlm.nih.gov/blast/bl2seq/bl2.html, using default param-
cters Program: blastp; Matrix: BLOSUMG62; Open gap (11)
and extension gap (1) penalties; gap x_dropofl: 50; Expect
10; Word size: 3; filter: default).

An alternative indication that two nucleic acid sequences
are substantially complementary to each other 1s that the two
sequences hybridize to each other under moderately strin-
gent, or preferably stringent, conditions. Hybridization to
filter-bound sequences under moderately stringent condi-

tions may, for example, be performed 1n 0.5 M NaHPO_, 7%
sodium dodecyl sulfate (SDS), 1 mM EDTA at 65° C., and

washing 1 0.2xSSC/0.1% SDS at 42° C. for at least 1 hour
(see Ausubel, et al. (eds), 1989, Current Protocols 1n
Molecular Biology, Vol. 1, Green Publishing Associates,
Inc., and John Wiley & Sons, Inc., New York, at p. 2.10.3).
Alternatively, hybridization to filter-bound sequences under

stringent conditions may, for example, be performed 1n 0.5
M NaHPO,, 7% SDS, 1 mM EDTA at 65° C., and washing

in 0.1xSSC/0.1% SDS at 68° C. for at least 1 hour. Hybrid-
ization conditions may be modified in accordance with
known methods depending on the sequence of interest (see
Tyssen, 1993, Laboratory Techniques in Biochemistry and
Molecular Biology—Hybridization with Nucleic Acid
Probes, Part I, Chapter 2 “Overview of principles of hybrid-
ization and the strategy of nucleic acid probe assays”,
Elsevier, New York). Generally, but not wishing to be
limiting, stringent conditions are selected to be about 5° C.
lower than the thermal melting point for the specific
sequence at a defined ionic strength and pH. The present
invention also contemplates nucleotide sequences which
hybridize to a nucleotide sequence comprising or consisting
of SEQ ID NO:1-9, preterably SEQ ID NOs:1-2 under

stringent hybridization conditions.
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In a preferred embodiment, the presence of a particular
allele at the polymorphic site, for example, but not limited
to as provided by SEQ ID NOs: 1-2 1s determined 1n relation
to the adjacent nucleotide sequence upstream and down-
stream from the polymorphic site, for example, but not
limited to, about 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14 or 15
nucleotides upstream and/or about 3, 4, 5,6, 7,8, 9, 10, 11,
12,13, 14 or 15 nucleotides downstream of the polymorphic
site. However, the present invention also contemplates that
the presence of a particular allele may be determined in
relation to the nucleotide sequence comprising about 20, 25,
30, 50 or more nucleotides upstream (or any number therein
between) and about 20, 25, 30, 50 and/or more nucleotides
downstream (or any number therein between) of the poly-
morphic site as provided by SEQ ID NOs: 1-9, more
preferably SEQ ID NOs: 1-2, respectively. The term “and/
or’ 1s used to specifically indicate that the number of
continuous upstream and downstream nucleotides does not
need to be the same. Other means and methods of comparing,
nucleotide sequences to determine 1f a particular polymor-
phism or group of polymorphisms is present 1n a subject, as
would be known to a person of skill in the art may be
employed 1n the practice of the present mnvention.

By the term “predicting a subject’s weight change in
response’ 1t 1s meant predicting 11 the subject 1s likely to gain
weight with antipsychotic treatment in general, or with
particular antipsychotic treatment, for example, but not
limited to antipsychotics including clozapine and olanzap-
ne.

In an embodiment of the present mvention, but without
wishing to be limiting in any manner, the method as
described herein may be employed to determine a subject’s
weight change 1n response to antipsychotic medication,
wherein at the time of screening the subject appears healthy.
This information may be important when screening subjects
that have a familial history of schizophrenia or other disor-
ders with schizophrenic or psychotic symptoms, even
though at the time of screening, the subject may have little
or no symptoms of disease. Knowledge of how a subject 1s
likely to respond to antipsychotic medication may be useful
in developing treatment regimens 1f for example, the subject
later develops schizophrenia or psychotic symptoms and
requires treatment.

In an embodiment of the present invention, subjects from
any ethnic race, age, gender or medical condition may be
tested or screened to predict the subject’s weight change in
response to antipsychotic drug treatment. In this regard, a
healthy subject or a subject that does not have any symptoms
of a disease or medical condition may be tested to determine
welght change 1n response to antipsychotic medication. In
this way, if treatment 1s ever needed, a proper drug and/or
treatment regimen may be selected and/or administered to
the subject. In a preferred embodiment, a subject diagnosed
with a disorder with one or more psychotic symptoms,
schizophrenia, or schizoallective disorder 1s tested to predict
weight change 1n response to antipsychotic drug therapy, for
example, but not limited to treatment with clozapine, olan-
zapine, risperidone, quetiapine, haloperidol, perphenazine,
thioridazine, ziprasidone, aripiprazole, chlorpromazine,
amisulpride, fluphenazine, molindone, loxapine, paliperi-
done, 1loperidone, asenapine, lurasidone, or a combination
thereol.

As described above, but without wishing to be limiting 1n
any manner, the subject 1s diagnosed with schizophrenia or
schizoaflective disorder. However, the subject that is tested
may comprise an individual with one or more psychotic
symptoms, schizophrema symptoms, schizoaflective disor-
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der symptoms or a combination thereot, for example, but not
limited to as described in DSM-IV which 1s hereby incor-
porated by reference. The psychotic symptoms may com-
prise positive symptoms such as, but not limited to distor-
tions or exaggerations of inferential thinking (1.e. delusions),
perception (1.e. hallucinations), language and communica-
tion (disorganized speech) and behavioral monitoring
(grossly disorganized or catatonic behavior) or any combi-
nation thereof. Further, the positive symptoms may com-
prise distinct dimensions, for example, psychotic dimen-
sions 1ncluding, but not limited to delusions and
hallucinations and disorganization dimensions including,
but not limited to disorganized speech and behavior. As
described previously, 1t 1s also contemplated that the symp-
toms may comprise one or more negative symptoms, for
example, but not limited to symptoms that retlect a dimi-
nution or loss of normal function (including but not limited
to, loss of motivation, loss of social interest, loss of com-
munication, or a combination thereof). Further, the subject
may exhibit a combination of both positive and negative
symptoms. In an embodiment of the invention, the subject
that 1s tested has been diagnosed or 1s suspected of having
schizophrenia or schizoaflective disorder.

Any human tissue or sample providing genomic DNA
may be used for genotyping GABRAZ2 polymorphisms,
including but not limited to, blood, saliva, hair, spinal tluid,
brain biopsy, cultured cells obtained from the subject, stool,
urine, autopsy samples, or frozen sections taken for histo-
logical purposes. In certain examples, blood 1s obtained
from a subject for assaying with respect to GABRA2
polymorphisms. As an example, but without wishing to be
limiting 1n any manner, venous blood 1s obtained from a
subject using standard venipuncture techniques.

The DNA of the subject may be tested for the presence or
absence of the single nucleotide polymorphisms (SNPs) by
any suitable technique known in the art. Representative
techniques that may be employed include without limitation
PCR analysis, sequencing, 5'exonuclease {fluorescence
assay, probe hybridization or a combination thereof.

Polymorphisms may be genotyped using conventional
techniques. For example, PCR using primers icorporating
fluorescent probes 1s one suitable technique. Further, but not
wishing to be considered limiting, primers having appropri-
ate sequences upstream and downstream of the polymorphic
site may be used to amplify the nucleotide regions compris-
ing the polymorphisms.

Single nucleotide polymorphism (SNP) analysis 1s usetul
for detecting differences between alleles of the GABRA2
gene. As described above, various methods exist 1n the art
for genotyping nucleotide sequences including, but not
limited to 5'exonuclease assays, sequencing, and the like. All
such methods are meant to be encompassed herein. Further,
various real-time PCR methods that can be used to detect
SNPs, including, e.g., Tagman or molecular beacon-based
assays (U.S. Pat. Nos. 5,210,0135; 5,487,972; and PCT WO
05/13399) are usetul to monitor for the presence or absence
of a SNP. Still other SNP detection methods are known 1n the
art, 1ncluding, without Ilimitation, DNA sequencing,
sequencing by hybridization, dot blotting, oligonucleotide
array (DNA Chip) hybridization analysis.

Applied Biosystems, Inc (Foster City, Calif.) has devel-
oped several aspects of SNP genotyping technology. In one
well-used protocol, PCR amplification of a desired SNP
region 1s conducted using targeting primers, including two
allele-specific fluorogenic probes, each consisting of a dii-
terent fluorescent reporter dye and a fluorescent quencher.
Prior to PCR, proximity of the quencher to the fluorophore




US 10,301,678 B2

11

causes fluorescence resonance energy transier (FRET),
reducing the fluorescence from the reporter dye. During
PCR, the 5' nuclease activity of Taq digests the allele-
specific probe bound to the region of the SNP, releasing the
fluorescent dye from the quencher and allowing generation
ol a fluorescence signal.

The method of obtaining a sample and analyzing its DNA
1s not critical to the present invention and any methods may
be used (e.g. Ausubel, et al. (eds), 1989, Current Protocols
in Molecular Biology, Green Publishing Associates, Inc.,
and John Wiley & Sons, Inc., New York, at p. 2.10.3, or
Maniatis et al., i Molecular Clomng (A Laboratory
Manual), Cold Spring Harbor Laboratory, 1982, p. 387 389).
For example, which 1s not to be considered limiting 1n any
manner, DNA may be extracted using a non-enzymatic
high-salt procedure. Alternatively, the DNA may be ana-
lyzed 1n situ or present 1n bodily fluids and or tissues. Other
methods of DNA analysis that are known to persons skilled
in the art may also be used.

Several scientific collaborations have attempted to 1den-
tify and/or classify SNPs for genomes of several species
including Homo sapiens, Arabidopsis thaliana, Caenorhab-
ditis elegans, Ficedula albicollis, Ficedula hypoleuca, Gal-
lus gallus, Mus musculus, Pan troglodytes, Plasmodium
falciparum, and Rattus norvegicus. For example, the Hap-
Map project attempts to determine the common patterns of
human DNA sequence variation (haplotypes). SNP geno-
types, recombination rates and other types ol information
may be browsed at or downloaded from the HapMap web-
site (www.hapmap.org). SNPs are typically identified by
location within a nucleotide sequence, or by a database
assigned reference SNP ID number (“rs” number). In addi-
tion to HapMap, SNPs may be searched using various other
resources. For example, individual rs numbers of the SNPs
that are known to be located 1n a sequence of interest may
be obtained by conducting a Blast search at the UCSC
Genome Biomformatics Web Page (www.genome.uc-
sc.edu). Conversely, sequence and scientific literature infor-
mation associated with a given rs number may be obtained
by searching the dbSNP of the Entrez SNP search option
provided by the NCBI web page (www.ncbi.nlm.nih gov).

In an embodiment of the present mnvention, which 1s not
meant to be considered limiting, there 1s provided a method
of predicting a subject’s weight change 1n response to
antipsychotic drug treatment comprising,

a) obtaining a biological sample from the subject;

b) determining the presence or absence ol one or more
polymorphisms i SEQ ID NO:1, SEQ ID NO:2, or a
combination thereof, wherein,

for patients of European ancestry treated with clozapine
or olanzapine, the presence of the C/C genotype of the
rs16859227 polymorphism (SEQ ID NO:1) 1s associ-
ated with a higher percentage weight gain 1n subjects,
and;

the presence of the T/T genotype of the rs279858 poly-
morphism (SEQ ID NO: 2) 1s associated with a higher
percentage weight gain in subjects,

The present invention also contemplates products and kits

for practicing the methods of the present invention. For
example, a kit may comprise:
a) one or more primers to amplify a nucleotide sequence that
comprises the polymorphism as defined 1n any one of SEQ
ID NOs:1-9, preferably including SEQ ID NO 1 or 2, or a
combination thereof;

b) one or more probes that hybridize to any one of SEQ 1D
NOs:1-9, preferably imncluding SEQ ID NO:1 or 2, or both

SEQ ID NO:1 and SEQ ID NO:2 over a region of nucleo-
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tides comprising the polymorphic site, wherein said probe
hybridizes to a particular varniant of the polymorphisms
shown at the polymorphic site. Without wishing to be
limiting 1n any manner, the probes may be labeled with an
appropriate group, for example, a fluorescent tag, fluoro-
phore, radioactive label or the like. Further, the one or more
probes may be attached covalently or physically associated
with a support for example, but not limited to a biochip,
array, slide, multiwell plate, bead or the like. In an embodi-
ment, which 1s not meant to be limiting 1n any manner, the
probes may comprise an array of nucleic acids.

¢) one or more reagents and/or products including, but not
limited to, one or more bullers for performing PCR or probe
hybridization, or any step in such a process as would be
known to a person of skill in the art, one or more DNA
amplifyving enzymes, or any combination thereof;

d) one or more reagents, components and products for
genotyping the polymorphisms as described herein, includ-
ing, but not limited to those used in exonuclease assays,
nucleotide sequencing, or any combination thereof;

¢) one or more reagents, components or products for per-
forming a DNA sequencing reaction that determines the
sequence of a nucleotide sequence comprising any one of
SEQ ID NOs: 1-9, preferably including SEQ ID NO:1 or 2,
or both 1 and 2, or a combination thereof,
) a gene chip or array comprising a plurality of nucleotide
sequences comprising or consisting of SEQ ID NOs:1-9,
preferably 1 and 2, preferably comprising nucleotide
sequences only within the GABRA2 gene, and;

g) one or more sets of istructions for using the components
as described herein, practicing the methods of the present
invention as described herein, interpreting the data obtained
from practicing the methods of the present invention or;
h) any combination thereof.

Also provided by the present mmvention are individual
components of the kit, for example, but not limited to any
product, composition described 1n the kit or elsewhere 1n the
application. In a representative embodiment, the present
invention provides one or more nucleic acid primers or
probes.

The nucleic acid primers and probes may be of any
suitable length for use 1n the methods of the present mnven-
tion. Without wishing to be limiting 1n any manner, 1t 1s
generally preferred that the primers and probes be between
about 9 and about 100 nucleotides, for example, but not
limited to about 7, 8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19,
20, 21, 23, 25, 27, 29, 30, 35, 40, 45, 30, 60, 70, 80, 90, about
100 nucleotides or any amount therein between. The length
of the primers and probes may also be defined by a range of
any two of the values provided above or any two values
therein between. With respect to probes, it 1s generally
preferred that the probe comprise at least one, more prefer-
ably 3 or more nucleotides on each side of the polymorphic
site. It 1s also contemplated that one or more of the primers
or nucleic acid probes may be labeled as 1s known in the art,
for example, but not limited to, with a radioactive element
or tag, tluorophore, or the like.

Also provided by the present invention 1s a microarray,
gene chip or the like which comprises one or more nucleo-
tide sequence(s) defined by SEQ ID NOs 1-9 or a fragment
thereol which comprises the polymorphic site. Preferably
the microarray or gene chip comprises nucleotide sequences
defined by SEQ ID NOs:1, 2 or both 1 and 2. The microarray
also may comprise the complement of the nucleotide
sequences or a fragment thereof which comprises the poly-
morphic site. Preferably, the nucleotide sequences are of a

length such as, but not limited to 7, 8, 9, 10, 11, 12, 13, 14,
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15,16,17, 18,19, 20, 21, 22, 23, 24, 25 or more continuous
nucleotides to permit strong hybridization under stringent

hybridization conditions. In a preferred embodiment the
microarray comprises or consists ol one or more nucleotide
sequences comprising polymorphic sites from the GABRA2
gene as described herein. However, the microarray may
comprise additional nucleotide sequences for other genes,
for example, but not limited to those involved or implicated
in the diagnosis or development of schizophrenia, schizo-
allective disorder or the like.

The present invention will be further illustrated i the
following examples.

Examples

Clinical Diagnostic Criteria

In total, 160 participants with psychotic symptoms were
included in this study. Diagnosis for schizophrenia (SCZ)
was assessed by the Structured Diagnostic Interviews for
DSM-IIIR and/or DSM-1V diagnoses (SCID-1,>"> **), except
for sample A where diagnoses were based on an interview
assessing both DSM and ICD diagnoses. The inclusion
criteria for adult probands were DSM-IIIR/IV diagnosis of
SCZ or schizoaflective disorder, with psychotic symptoms.
A written informed consent was obtained after the complete
study description was given to each participant, and the
study has been approved by the Research Ethics Board. All
subjects were selif-reported as European Caucasians, and 92
of them were prescribed clozapine or olanzapine during this
study period.

Subjects:

Clinical and demographic variables for the total sample of
European SCZ patients (N=160) are listed in Table 1.
Sample A (N=93) was collected at the Charite University
Medicine, Berlin, Germany. Patients 18-60 years old diag-
nosed with SCZ or schizoaflective disorder according to
DSM-1V and ICD-10 criteria were included. This group of
patients were treated with at least one of the following
medications: clozapine, haloperidol, olanzapine, risperi-
done, fluphenazine, aripiprazole, quetiapine, ziprasidone,
and/or amisulpride (more details have been described else-
where;>”). Patients from Sample B (N=56) were recruited
from Case Western Reserve Unmiversity in Cleveland, Ohio
or Hillside Hospital in Glen Oaks, N.Y. These patients
received clozapine for treatment-refractoriness or intoler-
ance to typical antipsychotic therapy according to criteria
described elsewhere’*. Clozapine serum levels were moni-
tored during the course of the treatment to ascertain com-
pliance. Clinical response was assessed after 6 weeks using,
the Brief Psychiatric Rating Scale (BPRS)’>. Sample char-
acterization has been described elsewhere®®. Sample C
(N=11) consists of mnpatients who showed sub-optimal
response to previous treatment, primarily defined by persis-
tent positive symptoms and a poor level of functioning over
the past two years. These participants were recruited at four
psychiatric state hospitals (two 1n New York and two in
North Carolina) and were randomly assigned to either
clozapine or olanzapine in a 14-week, double-blinded study.
Detailed clinical description of inclusion criteria, dosing
schedules, assessment methods, and principal results
describing anfipsychotic eflicacy was published else-
where””.

Genotyping.

Venous blood was drawn from the probands in two 10 cc
EDTA tubes, and genomic DNA was extracted from blood
lymphocytes using a high salt method>®. We selected single-
nucleotide polymorphisms (SNPs) based on the minimum
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minor allele frequency of 0.20 using HapMap genotypes
(Rel 28 Phase II+I1I, August 10, on NCBI B36 assembly,

dbSNP b126; URL: http://hapmap.ncbi.nlm.nih.gov). Spe-
cific SNPs were force-included based on previous studies.
The SNPs rs279828°7"*, rs573400°%> *> *°, rs11503014™,
rs279858  (Lys132Lys)*™ **°  rs16859227*, and
rs1372472% have been studied for possible association with
alcoholism, nicotine dependence, and autism. The rs279871
marker has been associated with medial frontal brain activity
in response to alcohol cue*’. Overall, the twelve genotyped
markers would provide more than 99% coverage of common
variations within and 10 kb upstream and downstream of the
GABRAZ2 gene. We narrowed the number of analyzed SNPs
to nine, because the rs279858 genotypes were highly cor-
related to genotypes of the rs573400, rs279871, and
rs279828 markers in our sample (r*>0.80).

Statistical Analyses.

Statistical analyses of demographic vanables, which
included sex, age at recruitment, and duration of treatment,
were performed across samples using Fisher’s Exact tests,
analysis of variance, or Kruskal-Wallis tests (Table 1). In
terms ol genetic analyses, the quantitative variable ‘percent
weight change” was analyzed using ANCOVA, with sex,
treatment duration, and clozapine/olanzapine (yes/no) being
included as covariates. We also analyzed the ‘percent weight
change’ vaniable 1n a meta-analytic approach to take into
account heterogeneity across the three patient sample groups
using STATA version 8 (e.g.,**). Analyses were done with all
160 patients with available clinical/weight data, as well as
secondarily with the 92 patients receirving clozapine or
olanzapine, the two antipsychotics with the highest propen-
sity for significant weight gain. Linkage disequilibrium and
r* between marker pairs as determined by Haploview 4.1%.
We also performed haplotype analysis with covariates using
UNPHASED version 3.1.5°°. We further performed an
additional haplotype analysis using reconstructed haplo-
types for each individual with PHASE’'. Based on geno-
typic correlation among the tested SNPs, the effective num-
ber of independent markers was determined to be six; thus,
we adjusted the signmificance threshold for multiple testing in
the present study to 0.0085°>.

Results:

Table 2 presents the results from analyses of the percent
weight change 1n antipsychotic-medicated SCZ patients of
European ancestry. Genotype distributions did not deviate
significantly from Hardy-Weinberg Equilibrium.

The rs279838 marker was positively associated with
percent weight gain from the ANCOVA (p<0.05). More
specifically, the T/T genotype was associated with higher
percent weight change than the C-allele carrying genotypes
(ANCOVA p=0.009). From the meta-analytic approach, the
rs279858 marker (T/T homozygotes versus C allele geno-
type carriers) was statistically significant (z=3.80; p=1.4x
10~*). The rs1442062 marker was also significant from the
meta analysis, with the A-allele carriers being associated
with less weight gain than the G/G homozygotes (z=5.55;
p=2.86x107%).

Regarding haplotypic analysis, we found a number of
significant haplotypes using UNPHASED. The two-marker
haplotype window across rs16859227 and rs279838 was
significant (p=0.045), with the C-T haplotype associated
with higher percent weight change (p=0.015; Estimated
Additive Value: 0.057 [95% confidence interval: 0.011 to
0.103]). The two-marker haplotype window across rs2 79858
and rs1442060 was also sigmificant (p=0.014), with the T-A
haplotype associated with higher percent weight change
(p=0.014; Estimated Additive Value: 0.070 [95% confidence
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interval: 0.014 to 0.126]) and the C-G haplotype associated
with lower percent weight change (p=0.012; Estimated
Additive Value: -0.115 [95% confidence 1nterval: —0.206 to
—0.0232]). On an mdividual level, patients with at least one
copy of the (rs279838-rs1442060) T-A haplotype appeared
to experience higher percentage weight gain (p=0.008;
b=2.47+/-0.92), and patients with at least one copy of the
(rs279838-rs1442060) C-G  haplotype appeared to
experience lower percentage weight gain (p=0.017;
b=-2.92+/-1.21).

For patients treated with clozapine or olanzapine, the
results with rs279858 were significant (ANCOVA p=0.011);
these findings were similar to those from the overall sample.
The meta-analysis of rs279858 across the three recruitment
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The two-marker haplotype window across rs279858 and
rs1442060 was nominally significant (p=0.034), with the
T-A haplotype associated with higher percent weight change
(p=0.031; Estimated Additive Value: 0.075 [95% confidence
interval: 0.0057 to 0.143]). On an mdividual level, patients
with at least one copy of the (rs16859227-rs279838) C-T

haplotype appeared to experience higher percentage weight
gain (p=0.012; b=4.45+/-1.74). Patients with at least one

copy of the (rs279858-rs1442060) T-A haplotype appeared

to experience higher percentage weight gain (p=0.005;
b=3.75+/-1.70).

sites vielded statistically significant findings (z=6.71; 15 1ABLE 1
p=1.95x10~'") that were more significant than those from
the overall sample. The GABRA2 marker rs16859227 was Demographic information for the study
also positive from the meta analysis (z=9.36; p=7.97x sample of Buropean ancestry.
102", with the T-allele carriers associated with lower
welght gain than C/C genotype carriers. Similarly, the 20
rsl4g420§2 A-allele carriegrs ga}izllljed less weight on agerage Samples AN =53) BIN = 56) CN=11) pvalue
than G/G homozygotes (z=5.79; p=7.04x107"). Carriers of
at least one copy of the G allele at rs11503014 gained more Males/ 3637 33721 L1/0 0.037
weight than C/C homozygotes (z=2.10; p=0.036), Females
rs6856130 A/A homozygotes gained less weight than G-al- 25 Age“ 32.14 = 11.98 3337 =745  42.15 = 4.83 0.044
lele carriers (z=2.20; p=0.028), and rs1372472 T-allele car-  snqy 510 = 1.547  6.00 £ 0.00  10.55 £ 4180 <0.001
riers gainec%less weight than A/A genotype carriers (z=3.32; Sration
p=9.0x1077).
Of all the single-marker tests, the rs279858 marker (weeks) ©
appeared to be the most consistently associated, with the T/T 30 Percentage 400 £4.680  3.88 £5.7/0 558 £6.644  0.605
genotype being associated with higher percent weight gain. weight
The two-marker haplotype window across rs16859227 and change °

rs279858 was significant (p=0.019), with the C-T haplotype
associated with higher percent weight change (p=0.011;
Estimated Additive Value: 0.076 [95% confidence interval:
0.016 to 0.135]) and the T-C haplotype associated with
lower percent weight change (p=0.010; Estimated Additive
Value: —0.089 [95% confidence interval: —0.138 to -0.019]).

35

“ p-value from ANOVA,
¢ p-value from Kruskal-Wallis tests.

d p-values from Fisher’s Exact Tests.

TABL.

(L]

2

The most significant findings from analysis of the nine GABRA?2 single-
nucleotide polymorphisms (SNPs) in antipsychotic-induced weight gain in
schizophrenia patients of Furopean ancestry.

P (Clozpine/

P (all Olanzapine
antipsychotics) only)
Standardized Standardized
Mean Mean
Genotype Difference Difference
P (all (Confidence (Confidence
Genotypes antipsychotics/ Interval) Interval) for
(test Percentage clozapine for rare rare allele-
genotype(s) welght Standard  or olanzapine allele-carrying carrying
SNP in bold) change  Deviation only) genotypes genotypes
rs16859227 T/T 5.20 3.99 0.332/0.015 0.091 % <0.001
T/C 2.98 4.66 -1.98 (-4.27, -3.01 (-3.64,
C/C 4.91 5.72 0.32) -2.38)
1279858 T/T 5.59 5.76 0.017/0.011 <0.001 % <0.001
T/C 3.63 4.85 2.18 (1.06, 1.85 (1.31,
C/C 2.72 5.07 3.31) 2.39)
rs1442060 A/A 4.25 5.76 0.236/0.516 0.939 £ 0.743 &
A/G 4.48 5.26 —-0.091 (-2.42, 0.33 (-1.65,
G/G 2.95 4.62 2.23) 2.32)
1s3849591 T/T 5.11 5.62 0.893/0.629 0.645 £ 0.530 %
T/G 4.42 5.58 0.47 (-1.52, 0.65 (-1.38,
G/G 3.91 5.16 2.45) 2.69)
rs1442062 A/A 5.60 5.87 0.578/0.630 <0.001 <0.001
A/G 3.32 5.04 -0.97 (-1.31, -1.43 (-1.91,
G/G 4.56 5.39 -0.63) -0.95)
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TABLE 2-continued

18

The most significant findings from analysis of the nine GABRA? single-
nucleotide polymorphisms (SNPs) i antipsychotic-induced weight gain in

schizophrenia patients of FEuropean ancestry.

P (Clozpine/

P (all Olanzapine
antipsychotics) only)
Standardized Standardized
Mean Mean
Genotype Difference Difference
P (all (Confidence (Confidence
Genotypes antipsychotics/ Interval) Interval) for
(test Percentage clozapine for rare rare allele-
genotype(s) welght Standard  or olanzapine allele-carrying carrying
SNP in bold) change  Deviation only) genotypes genotypes
rs1 6859354 T/T 4.00 4.73 0.980/0.663 0.817 0.899
T/G 4.00 5.69 0.040 (-0.30, 0.0301 (-1.43,
G/G 5.16 4.99 0.38) 0.50)
rs11503014 G/G 3.14 4.86 0.642/0.364 0.055 % 0.036
G/C 4.67 6.00 0.754 (-0.015, 0.48 (0.031,
C/C 3.68 4.46 1.52) 0.93)
rs6856130 A/A 4.07 5.21 0.289/0.097 0.704 & 0.028 £
A/G 4.49 5.27 —-0.62 (-3.80, -1.28 (-2.43,
G/G 242 5.55 2.56) -0.14)
rs1372472 T/T 5.71 5.42 0.385/0.651 0.409 # <0.001
T/A 3.53 4.77 —-0.55 (-1.86, -0.77 (-1.23,
A/A 4.32 5.69 0.76) -0.32)

“p-values from ANCOVA of percent weight change with sex treatment duration and clozapine/olanzapine (yes/no) as covariates.

R random-effects model used.

The results provided suggest that variety of GABRAZ2
SNPs may be employed as genetic markers for antipsychotic
welght gain.

All citations are hereby incorporated by reference.

The present invention has been described with regard to
one or more embodiments. However, 1t will be apparent to
persons skilled 1n the art that a number of variations and
modifications can be made without departing from the scope
of the mvention as defined 1n the claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1

<211> LENGTH: 53

<212> TYPE: PRT

<213> ORGANISM: homo sapien

<400> SEQUENCE: 1

Cys Cys Thr Thr Gly Gly Thr Thr Thr Thr Ala Thr Ala Cys Ala Ala
1 5 10 15

Gly Cys Ala Thr Gly Cys Ala Ala Ala Gly Cys Thr Ala Thr Ala Thr
20 25 30

Ala Ala Thr Ala Gly Ala Ala Thr Cys Ala Cys Ala Thr Gly Gly Ala
35 40 45

Ala Ala Cys Ala Ala
50

<210> SEQ ID NO 2

<211> LENGTH: 53

<212> TYPE: PRT

<213> ORGANISM: homo sapien

<400> SEQUENCE: 2

Ala Thr Thr Gly Thr Cys Ala Thr Ala Thr Thr Ala Thr Gly Ala Gly
1 5 10 15

Cys Thr Ala Cys Thr Gly Ala Thr Thr Thr Thr Cys Thr Thr Cys Cys
20 25 30

Cys Ala Thr Thr Gly Thr Gly Ala Ala Ala Ala Ala Ala Gly Gly Thr
35 40 45

Ala Thr Cys Thr Gly
50

<210> SEQ ID NO 3

<211> LENGTH: 53

<212> TYPE: PRT

<213> ORGANISM: homo sapien

<400> SEQUENCE: 3

Gly Thr Ala Ala Ala Gly Thr Gly Thr Cys Ala Cys Ala Thr Cys Ala
1 5 10 15

Ala Thr Gly Cys Cys Ala Thr Ala Thr Cys Ala Gly Thr Ala Thr Thr
20 25 30

Cygs Thr Gly Thr Ala Gly Ala Thr Gly Gly Cys Ala Thr Gly Thr Thr
35 40 45

Ala Thr Cys Ala Thr
50

<210> SEQ ID NO 4

<211> LENGTH: 53

«212> TYPE: PRT

213> ORGANISM: homo sapien

<400> SEQUENCE: 4

Cys Thr Cys Ala Thr Thr Thr Cys Cys Thr Thr Gly Cys Thr Thr Cys



1

23

US 10,301,678 B2

-continued

10

15

Thr Ala Ala Gly Gly Thr Ala Gly Gly Gly Gly Thr Thr Cys Ala Thr

20

25

30

Cys Ala Ala Thr Thr Thr Ala Thr Cys Thr Ala Thr Cys Thr Cys Ala

35

Thr Gly Gly Gly Ala

50

<210>
<211>
<212 >
<213>

<400>

Gly Al
1

SEQ ID NO b

LENGTH: 523

TYPE: PRT

ORGANISM: homo sapilen

SEQUENCE: 5

a Gly Ala Ala Gly Gly
5

Thr Thr Thr Ala Ala Cys Thr

Ala Al

20

a Ala Thr Thr Ala Ala
35

Thr Thry Ala Ala 4Ala

50

<210>
<211>
<«212>
<213>

<400>

Thr Al
1

Ala Al

SEQ ID NO o

LENGTH: 53

TYPE: PRT

ORGANISM: homo sapilen

SEQUENCE: 6

a Cys Ala Ala Thr Ala
5

a Thr Gly Ala Gly Cys
20

Thry Thy Ala Ala Thry Ala Ala

35

Ala Gly Ala Ala Ala

50

<210>
<211>
<212 >
<213>

<400>

Ala Al
1

SEQ ID NO 7

LENGTH: 53

TYPE: PRT

ORGANISM: homo sapilen

SEQUENCE: 7

a Gly Cys Thr Ala Thr
5

Thr Thr Cys Cys Thr Gly Gly

Thr Al

20

a Gly Gly Ala Cys Thr
35

Ala Gly Ala Gly Ala

50

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 8

LENGTH: 53

TYPE: PRT

ORGANISM: homo sapien

SEQUENCE: 8

40

Thr

Cys

Gly
40

Thr

Thr

Gly
40

Gly

Ala

Thr
40

Gly Ala Ala Ala
10

Ala Thr Ala Gly
25

Ala Thr Thr Gly

Cys Thr Thr Gly
10

Thr Cys Gly Thr
25

Gly Thr Ala Ala

Gly Ala Gly Ala
10

Cys Thr Cys Gly
25

Gly Ala Thr Gly

45

Thr

Thr

Cys
45

Ala

Ala

Cys
45

Thr

Thr

Ala
45

Ala Gly Ala
15

Ala Thr Cys
30

Ala Cys Cys

Cys Thr Cys
15

Ala Thr Cys
30

Ala Ala Gly

Thr Ala Cys
15

Gly Thr Gly
30

Thr Thr Gly

24



Thr Cys Thr

Thr Gly Ala

Cys Ala Ala
35

Ala Cys Ala
50

25

Gly Thr Thr Cys
Gly Gly Cys Gly
20

Ala Cys Gly Thr

Ala Cys

«<210> SEQ ID NO 9
<211> LENGTH: 53

«212> TYPERE:

PRT

<213> ORGANISM: homo sgapilen

<400> SEQUENCE: 9

A2la Thr Ala
1

Thr Cys Ala

Cys Cys Thr

Ala Ala Ala Cys
5

Ala Ala Cys Cys
20

Cys Ala Cys Thr

Thr

2la

Gly
40

Thr

Ala

Gly

US 10,301,678 B2

-continued

Gly Thr Thr Thr Thr Ala Thr Cys
10 15

Thr Ala Ala Gly Ala Ala Thr Cys
25 30

Cys Ala Ala Cys Thr Thr Gly Ala
45

Cys Thr Gly Gly Thr Ala Ala Thr
10 15

Ala Ala Ala Thr Ala Thr Thr Thr
25 20

Ala Ala Ala Ala Cys Thr Ala Thr

26

35 40 45

Gly Cys Thr Thr Gly
50

What 1s claimed 1s: 30
1. A method for treating a subject in need thereof with an

antipsychotic drug in a manner that reduces the subject’s
risk of weight gain 1n response to treatment with the antip-
sychotic drug, the method comprising

a) determining the subject’s genotype, at one or more 33
genetic markers selected from the group consisting of
rs279858 (1/T), rs1442062 (G/G), rs16859227 (C/C),
rs11503014 (G/C, G/G), rs6856130 (G/A, G/G),
rs13724°72 (A/A) by a method comprising PCR analy-
sis, sequencing, 5' exonuclease fluorescence assay, Y
probe hybridization, or a combination thereof;

b) identifying the subject as being at increased risk of
welght gain 1n response to treatment with an antipsy-
chotic drug where the subject’s genotype matches one
or more genotypes selected from the group consisting 49
of:
rs279858 (T/T1),
rs1442062 (G/G),
rs16859227 (C/C),
rs11503014 (G/C, G/G), S0
rs6856130 (G/A, G/G), and
rs1372472 (A/A);

and

¢) administering to the subject 1dentified 1n b) an antip-
sychotic drug selected from the group consisting of >3
paliperidone, perphenazine, thioridazine, chlorpromaz-
ine, risperidone and quetiapine.

2. The method of claim 1, wherein step a) comprises
determining the subject’s genotype for at least two of the
genetic markers. 60

3. The method of claim 2, wherein step a) comprises
determining the subject’s genotype for rs16859227 and
rs279858 and step b) comprises identiiying the subject as at

increased risk of weight gain 1n response to treatment with
an antipsychotic drug where the subject’s genotype 1s C/C at
rs168592277 and comprises a T at rs279858.

4. The method of claim 2, wherein step a) comprises
determining the subject’s genotype for rs279858 and further
comprises determining the subject’s genotype for rs1442060
and step b) comprises 1dentitying the subject as at increased
risk of weight gain 1n response to treatment with an antip-
sychotic drug where the subject’s genotype 1s T/T at
rs279858 and further comprises an A at rs1442060.

5. The method of claim 1, wherein step a) comprises
determining the subject’s genotype for rs279858 and step b)
comprises 1dentifying the subject as at increased risk of
welght gain in response to treatment with an antipsychotic
drug where the subject’s genotype 1s T/T at rs279858.

6. The method of claim 1, wherein the method further
comprises determining a treatment regimen for the subject
that avoids clozapine and olanzapine for the subject at
increased risk of weight gain.

7. The method of claim 1, wherein the method further
comprises determining a treatment regimen for the subject
that includes an antipsychotic selected from loxapine, 1lo-
peridone, asenapine, lurasidone, ziprasidone, aripiprazole,
fluphenazine, and haloperidol for the subject at increased
risk of weight gain.

8. The method of claim 1, wherein the subject 1s human.

9. The method of claim 2, wheremn step a) comprises
determining the subject’s genotype for rs16859227 and
rs279858 and step b) comprises identifying the subject as at
increased risk of weight gain 1n response to treatment with

an antipsychotic drug where the subject’s genotype com-
prises a C at rs16859227 and 1s T/T at rs2798358.

¥ ¥ # ¥ ¥



	Front Page
	Specification
	Claims

